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1.	Introduction
The revised study item on New Radio Access Technology was approved at TSG RAN#72 [1]. The objectives of this study item include to identify relevant RF parameters to be used for sharing and co-existence studies. Also a LS was received at TSG RAN#72 [2] from ITU-R WP5D asking for characteristics of terrestrial IMT systems for frequency sharing/interference analysis in 24.25 - 86 GHz. This topic has been discussed at RAN4#78b and RAN4#79 meetings, where two way forward proposals were approved [3, 4]. ITU-R WP5D sent another LS on “Updated characteristics of terrestrial IMT systems for frequency sharing/interference analysis in the frequency range between 24.25 GHz and 86 GHz” in [11]. On the other hand, a LS has been sent from ITU-R WP5D to 3GPP describing detailed modelling and simulation of IMT networks for use in sharing and compatibility studies [5].
This contribution proposes the system level simulation methodology and assumptions for coexistence study for WP5D on new radio access technology, and provide a text proposal to record the assumptions and methodology into the TR 38.803 [6] for this study item.

2.	Discussion
The simulation methodology and assumptions shall mainly be based on the recommendations from ITU-R WP5D [5], the Radio Frequency (RF) system scenarios for macro cellular network in 3GPP TR 36.942 [7] and for micro-cellular network in 3GPP TR 37.809 [8], the channel model for frequency spectrum above 6 GHz in 3GPP TR 38.900 [9], and the antenna array model in 3GPP TR 37.842 [10], with slight modifications to better represent scenarios and requirements for new radio access technology.
[bookmark: _Toc336211415]2.1	Cell layouts
2.1.1	Macro cellular network [7]
Base stations with 3 sectors per site are placed on a hexagonal grid with distance of 3*R, where R is the cell radius (see Figure 2.1.1-1), with wrap around. The number of sites shall be equal to or higher than 19. Uncoordinated macro cellular deployment is assumed, where interfering UE may be at cell edge of the serving base station but close to the victim base station (hence transmitting with highest power and causing highest interference). The inter-site distance (ISD) is 500m or 1732 m.
[image: cell_layout2]
Figure 2.1.1-1: Uncoordinated macro cellular deployment
[bookmark: _Toc346003824]
2.1.2	Micro cellular network [8]
A modified version of the Manhattan grid pattern from the ITU-R WP5D recommendations is used as a micro cell layout. The proposed modification produces a symmetrical grid pattern that can be replicated into a larger grid. An additional column with 3 new nodes has been added resulting in a 12 by 12 block grid, as shown in Figure 2.1.2-1. 
In addition, 3 nodes on the top of the grid have been removed since they are redundant with the nodes on the bottom of the original grid when wrap-around is employed. As per the Manhattan grid definition in 3GPP TR 37.809, each block is 75m x 75m and each street is 15m wide. This results in the modified grid having a dimension of 1080m x 1080m.



Figure 2.1.2-1: Micro cellular Manhattan grid pattern

To ensure that at least one macro cell is covered when the micro cells are overlaid on the larger macro cell layout with ISD 1732 m, a larger Manhattan is grid used, formed by a four-fold replication of the Manhattan grid in Figure 2.1.2-1. This extended grid is shown below in Figure 2.1.2-2.



Figure 2.1.2-2: Four-fold replication of modified grid pattern of Figure 2.1.2-1 above.

2.1.3	Indoor hotspot [9]
In this scenario, the base stations are deployed indoors. The indoor hotspot scenario consists of one floor of a building. The detailed topology of indoor office scenarios is shown in Figure 2.1.3-1.
[image: ]

Figure 2.1.3-1: Layout of indoor office scenarios

2.1.4	Heterogeneous network [8]
For micro-to-macro and macro-to-micro simulations, the following layouts are used for the overlaid patterns: 
-	In case of an ISD of 500 m for the macro network, the layout of Figure 2.1.4-1 is used, with the 12 column micro grid pattern centred over the corner between cell#3/19/20 of the macro network.
-	In case of an ISD of 1732 m for the macro network, the layout of Figure 2.1.4-2 is used, with the extended (four-fold) micro grid pattern centred over the corner between cell#3/19/20 of the macro network.
For these simulations, in the area that is overlapped by the Micro network’s Manhattan grid, UEs should only be dropped in the streets. In order to maintain the same Macro UE density per cell as in the area not covered by the Micro network, the following principle should be used:
1.	Macro UEs are first dropped with a uniform distribution over the whole Macro grid area, both in the part not covered by the micro network and in the part that is overlapped by the micro network.
2.	In the area overlapping with the micro network, UEs that were dropped indoor are identified. These UEs are then dropped again, uniformly over the outdoor “half-street” area surrounding the indoor block, as shown in Figure 2.1.4-3.


Figure 2.1.4-1: Manhattan grid micro node network overlaid on a Case 1 (ISD = 500 m) macro network. The Manhattan grid is centred on the corner between cell#3/19/20 in the macro network.



Figure 2.1.4-2: Four-fold replication of the Manhattan grid micro node network overlaid on a Case 3 (ISD = 1732 m) macro network. The overlaid grid is centered on corner between cell#3/19/20 of the macro network.



Figure 2.1.4-3: Method of re-distributing UEs from the indoor to the street area.

2.2	Path loss models [9]
[bookmark: _Toc346003825]The path loss models are summarized in Table 2.2-1 and the distance definitions are indicated in Figure 2.2-1 and Figure 2.2-2. Note that the distribution of the shadow fading is log-normal, and its standard deviation for each scenario is given in Table 2.2-1.
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	Figure 2.2-1: Definition of d2D and d3D 
for outdoor UEs
	Figure 2.2-2: Definition of d2D-out, d2D-in 
and d3D-out, d3D-in for indoor UEs. Note that 




Table 2.2-1: Path loss models
	Scenario
	Path loss [dB], fc is in GHz and d is in meters (6)
	Shadow 
fading 
std [dB]
	Applicability range, 
antenna height 
default values 

	RMa LOS
	



	




	10 m < d2D < dBP (5)


dBP < d2D < 10 000 m,
hBS = 35 m, hUT = 1.5 m,
W = 20 m, h = 5 m
h = avg. building height
W = avg. street width
The applicability ranges:
5 m < h < 50 m
5 m < W < 50 m 
10 m < hBS < 150 m 
1 m < hUT < 10 m

	RMa NLOS
	



	

	10 m < d2D < 5 000 m,

hBS = 35 m, hUT = 1.5 m,
W = 20 m, h = 5 m
h = avg. building height
W = avg. street width
The applicability ranges:
5 m < h < 50 m
5 m < W < 50 m 
10 m < hBS < 150 m 
1 m < hUT < 10 m

	UMa LOS
	



	σSF=4.0


 σSF=4.0
	10m < d2D < d'BP 1)

d'BP < d2D <5000m
1.5m ≦ hUT≦ 22.5m
hBS = 25 m


	UMa NLOS
	




	σSF =6
	10 m < d2D < 5 000 m
1.5 m ≦ hUT ≦ 22.5 m
hBS = 25 m
Explanations: see note 3

	
	
Optional 
	σSF =7.8
	

	UMi - Street Canyon
LOS
	




	σSF=4.0


 σSF=4.0
	10m < d2D < d'BP 1)
d'BP < d2D <5000m
1.5m ≦ hUT≦ 22.5m
hBS = 10 m

	UMi – Street Canyon NLOS
	



	σSF=7.82
	10 m < d2D < 5000m
1.5m ≦ hUT≦ 22.5m
hBS = 10 m 
Explanations: see note 4

	
	
 Optional 
	σSF=8.2
	

	InH - Office LOS
	

	σSF=3.0
	1<d3D<100m

	InH - Office NLOS
	



	σSF=8.03
	1<d3D<86m

	
	
 Optional 
	σSF=8.29
	1< d3D <86m

	InH - Shopping mall
LOS
	

	σSF=2.0
	1<d3D<150m

	Note 1:	d'BP  = 4 h'BS h'UT fc/c, where fc is the centre frequency in Hz, c = 3.0108 m/s is the propagation velocity in free space, and h'BS and h'UT are the effective antenna heights at the BS and the UT, respectively. In UMi scenario the effective antenna heights h'BS and h'UT are computed as follows: h'BS = hBS – 1.0 m, h'UT = hUT–1.0 m, where hBS and hUT are the actual antenna heights, and the effective environment height is assumed to be equal to 1.0 m. In UMa scenario the effective antenna heights h'BS and h'UT are computed as follows: h'BS = hBS – hE, h'UT = hUT – hE, where hBS and hUT  are the actual antenna heights, and the effective environment height hE is a function of the link between a BS and a UT. In the event that the link is determined to be LOS, hE=1m with a probability equal to 1/(1+C(d2D, hUT)) and chosen from a discrete uniform distribution uniform(12,15,…,(hUT-1.5)) otherwise. 
Note 2:	The applicable frequency range of the PL formula in this table is 0.8 < fc < fH GHz, where fH = 30 GHz for RMa and fH = 100 GHz for all the other scenarios. It is noted that RMa path loss model for >7 GHz is validated based on a single measurement campaign conducted at 24 GHz.
Note 3:	UMa NLOS path loss is from TR36.873 with simplified format and and PLUMa-LOS = Path loss of UMa LOS outdoor scenario.
Note 4:	PLUMi-LOS = Path loss of  UMi-Street Canyon LOS outdoor scenario.
Note 5:	Break point distance dBP  = 2π hBS hUT fc/c, where fc is the centre frequency in Hz, c = 3.0  108 m/s is the propagation velocity in free space, and hBS and hUT are the antenna heights at the BS and the UT, respectively.
Note 6:	fc  denotes the center frequency normalized by 1GHz, all distance related values are normalized by 1m, unless it is stated otherwise.



[bookmark: _Toc346003826][bookmark: _GoBack]For UMa outdoor users following terms are defined in 3GPP TR 38.900:



and



2.3	Beamforming antenna pattern [10]
[bookmark: _Toc346003828]The beamforming antenna is based on an antenna array and consists of a number of identical radiating elements located in the yz-plane with a fix separation distance (e.g. /2), all elements having identical radiation patterns and “pointing” (having maximum directivity) along the x-axis. A weighting function is used to direct the beam in other directions. Total antenna gain is the sum (logarithmic scale) of the array gain and the element gain. Such a model is described in 3GPP TR 37.842 as follows.


The Advanced Antenna System (AAS) antenna array model is determined by array element pattern, array factor and signals applied to the system. The element pattern and composite antenna pattern are in the following sections. The  and definition is based on the coordinate system in Section 5.4.4 .1 of 3GPP TR 37.840 and are illustrated in Figure 2.3-1.
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Figure 2.3-1: Antenna Model Geometry: : elevation, range from 0 to 180 degree
 : Azimuth, range from -180 to 180 degree
The element pattern and the composite antenna pattern are given in Section 5.3.3 of 3GPP TR 37.842 and are provided Table 2.3-1.
Table 2.3-1: Antenna pattern
(a) Element pattern for antenna array model
	Horizontal Radiation Pattern
	


	Horizontal 3dB bandwidth of single element / deg
	For single column antenna: 65º
For multi-column antenna:  80º

	Front-to-back ratio
	Am = 30dB

	Vertical Pattern  method
	
, SLAv =30 dB

	Vertical 3dB bandwidth of single element / deg
	65º

	Element Pattern
	


	Element Gain without antenna losses
	For single column antenna: GE,max= 9 dBi
For multi-column antenna: GE,max= 7.5 dBi*

	Note: *GE,max is obtained from TR37.840 Table 5.4.4.2.1-1.



(b) Composite antenna pattern for BS and UE beam forming
	Configuration
	Multiple columns (NVxNH elements)

	
Composite Array radiation pattern in dB 
	For beam i:


the super position vector is given by:


the weighting is given by:



	Antenna array configuration (Row×Column)
	10×4

	Horizontal radiating element spacing d/
	0.5

	Vertical radiating element spacing d/
	0.9

	Down-tilt angle (deg)
	0 degrees

	Power allocated to each beam
	6dB below the maximum transmitted power



2.4	Power control modelling [7]
In 3GPP TR 36.942, the following power control equation is used for the uplink coexistence simulations:

	(1)
where Pmax is the maximum transmit power, Rmin is the minimum power reduction ratio to prevent UEs with good channels to transmit at very low power level, CL is the coupling loss defined as max{path loss-G_Tx-G_Rx, MCL}, where path loss is propagation loss plus shadow fading, G_TX is the transmitter antenna gain in the direction of the receiver, G_RX is the receiver antenna gain in the direction of the transmitter and CLx-ile is the x-percentile CL value. With this power control equation, the x percent of UEs that have the highest coupling loss will transmit at Pmax. Finally, 0<<=1 is the balancing factor for UEs with bad channel and UEs with good channel.
The parameter sets for power control are specified in 3GPP TR 36.942 (copied in Table 2.4-1 below).
[bookmark: _Ref321985207][bookmark: _Ref321985177]Table 2.4-1: Power control algorithm parameter (for 2 GHz carrier frequency)
	Parameter set
	Gamma
	CLx-ile

	
	
	20 MHz bandwidth
	15 MHz bandwidth
	10 MHz bandwidth
	5 MHz bandwidth

	Set 1
	1
	109
	110
	112
	115

	Set 2
	0,8
	TBD
	TBD
	129
	133



Note that the power control parameters were specified for urban area with a cell range of 500 m, a carrier frequency of 2 GHz and a base station antenna height of 15 m above average rooftop level. The path loss model is based on the equation below:

	(2)
where:
R is the base station-UE separation in kilometres
f is the carrier frequency in MHz
Dhb is the base station antenna height in metres, measured from the average rooftop level
Based on equations (2), the power control parameters can be modified to account for different path loss model and carrier frequency. For example, in Table 2.4-1, CLx-ile = 109 dB for Set 1and 20 MHz bandwidth, which corresponds to R = 0.31 km that is (0.31/0.5 =) 62% of the cell range according to equation (2) assuming total antenna gain of 0 dBi. 
Considering a carrier frequency of 30 GHz and a base station-UE separation of (500*2/3*62% =) 207 m and a base station antenna height of 15 m above average rooftop level, the path loss using the UMa LOS PL1 formula in Table 2.4-1 will result in a path loss of 32.4+20log10(sqrt(2072+152))+20log10(30) = 108 dB. Similarly, the modified power control parameters for other cases with carrier frequency of 30 GHz and 70 GHz can be calculated as shown in Table 2.4-2 below.
Table 2.4-2: Modified power control algorithm parameter
(a) For 30 GHz carrier frequency
	Parameter set
	Gamma
	Modified CLx-ile

	
	
	20 MHz bandwidth
	15 MHz bandwidth
	10 MHz bandwidth
	5 MHz bandwidth

	Set 1a
	1
	108
	109
	110
	111

	Set 2a
	0,8
	TBD
	TBD
	119
	121



(b) For 70 GHz carrier frequency
	Parameter set
	Gamma
	Modified CLx-ile

	
	
	20 MHz bandwidth
	15 MHz bandwidth
	10 MHz bandwidth
	5 MHz bandwidth

	Set 1a
	1
	116
	116
	117
	119

	Set 2a
	0,8
	TBD
	TBD
	126
	128



2.5	Other simulation assumptions and parameters [4]
Other simulation assumptions and parameter are summarized in Table 2.5-1 below:
Table 2.5-1: Simulation assumptions and parameters
(a) Main simulation assumptions
	
	Way forward
	Remarks

	Methodology
	Static MonteCarlo simulation
	

	Usage scenario (eMBB, mMTC, URLLC)
	eMBB
	Start with eMBB as 1st step. We shall consider the other scenarios in SI.

	Deployment scenario
	At least, Indoor hotspot, Urban macro and Dense urban are the scenarios for WP5D co-existence. 
	The other scenarios are FFS.

	Victim system
	NR
	

	PathLoss Model
	Follow RAN1 channel modelling SI outcome
	

	Carrier frequency
	30 and 70 GHz 
	Using 28GHz is not precluded in addition to 30 and 70GHz.

	Channel Bandwidth
	200 MHz
	Even wider channel bandwidth for example 1GHz can be considered later after understanding the baseline in SI

	Channel arrangement
	Symmetrical (200MHz vs 200MHz)
	Start with symmetrical as 1st step

	UL power control
	The same as TR 36.942, adopting PC set parameters to the scenario
	

	DL power control
	No power control
	

	The number of antenna element
	For 30GHz: UE: 16, eNB: 256
For 70GHz: UE: 32, eNB: 256
	Companies are encouraged to provide technical justification on these values. 

	UE antenna
	Use Table 2.3-1 (a), element gain and antenna aperture TBD.
	

	BS antenna 
	Use Table 2.3-1 (a).

	

	Beamforming
	Use Table 2.3-1 (b).

	

	SINR to throughput  mapping
	Adopt scaled Shannon's formula with update truncation and attenuation parameters until we get RAN1, we will use 36.942 Scaled Shannon's formula. 
	

	Co-existence scenario in terms of interference 
	UL to UL and DL to DL
	Not consider UE to DL and DL to UL for the moment. Specifically for UE to UE, this can be discussed after understanding specific mitigation techniques.

	Traffic
	Full buffer
	

	ACI leakage model
	In addition, model in ACLR is two step models in frequency
use the different correlation levels to study the spatial patterns for ACLR. ACLR metric defines integrated over the whole space.
If study should ACLR can be modelled as flat in space, then, we just use integrated ACLR model. 
Assume flat ACS in frequency. In space, study if ACS model is flat.
	

	Performance metric
	Throughput degradation compared to single operator case, i.e. no ACI. Both mean and 5%-tile are considered.
	 

	NF
	For BS: 8 dB
For UE: 13 dB for baseline performance, 10 dB for high performance
	Companies are encourage to provide more analysis data on this aspect in the future meeting.



(b) Other simulation parameters
	 
	BS
	UE

	Lognormal fading
	10 dB

	Shadowing correlation
	Between sites: 0.5, between sectors of the same site: 1.0

	Minimum distance UE<->BS (2D)
	RMa, UMa: 35 m
UMi: 10 m
InH: 0 m

	Number of active UEs
	DL: 1 UE, UL: 4 UEs

	Handover margin
	3 dB

	Cable loss
	1 dB
	0 dB

	Transmit power
	RMa, UMa: 46 dBm
UMi: 38 dBm
InH: 20 dBm
	23 dBm

	Antenna height
	RMa: 45 m
UMa: 25 m
UMi: 10 m
InH: 3 m
	1.5 m



3.	Conclusion
This contribution proposes the system level simulation methodology and assumptions for coexistence study for WP5D on new radio access technology. It is proposed to include the text proposal below into TR 36.8xx.

4.	Text proposal
<Start of change>
[bookmark: _Toc452032714][bookmark: _Toc452032722]2	References
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<Next change>
5.1	Co-existence simulation scenario
Editor’s note: intended to capture specific scenarios such as operation system (eMBB, Massive MTC etc) systems in terms of aggressor system, victim system and their directions
5.1.1	Macro cellular network [3]
Base stations with 3 sectors per site are placed on a hexagonal grid with distance of 3*R, where R is the cell radius (see Figure 5.1.1-1), with wrap around. The number of sites shall be equal to or higher than 19. Uncoordinated macro cellular deployment is assumed, where interfering UE may be at cell edge of the serving base station but close to the victim base station (hence transmitting with highest power and causing highest interference). The inter-site distance (ISD) is 500m or 1732 m.
[image: cell_layout2]
Figure 5.1.1-1: Uncoordinated macro cellular deployment

5.1.2	Micro cellular network [4]
A modified version of the Manhattan grid pattern from the ITU-R WP5D recommendations is used as a micro cell layout. The proposed modification produces a symmetrical grid pattern that can be replicated into a larger grid. An additional column with 3 new nodes has been added resulting in a 12 by 12 block grid, as shown in Figure 5.1.2-1. 
In addition, 3 nodes on the top of the grid have been removed since they are redundant with the nodes on the bottom of the original grid when wrap-around is employed. As per the Manhattan grid definition in 3GPP TR 37.809, each block is 75m x 75m and each street is 15m wide. This results in the modified grid having a dimension of 1080m x 1080m.



Figure 5.1.2-1: Micro cellular Manhattan grid pattern

To ensure that at least one macro cell is covered when the micro cells are overlaid on the larger macro cell layout with ISD 1732 m, a larger Manhattan is grid used, formed by a four-fold replication of the Manhattan grid in Figure 5.1.2-1. This extended grid is shown below in Figure 5.1.2-2.



Figure 5.1.2-2: Four-fold replication of modified grid pattern of Figure 5.1.2-1 above.

5.1.3	Indoor hotspot [5]
In this scenario, the base stations are deployed indoors. The indoor hotspot scenario consists of one floor of a building. The detailed topology of indoor office scenarios is shown in Figure 5.1.3-1.
[image: ]

Figure 5.1.3-1: Layout of indoor office scenarios

5.1.4	Heterogeneous network [6]
For micro-to-macro and macro-to-micro simulations, the following layouts are used for the overlaid patterns: 
-	In case of an ISD of 500 m for the macro network, the layout of Figure 5.1.4-1 is used, with the 12 column micro grid pattern centred over the corner between cell#3/19/20 of the macro network.
-	In case of an ISD of 1732 m for the macro network, the layout of Figure 5.1.4-2 is used, with the extended (four-fold) micro grid pattern centred over the corner between cell#3/19/20 of the macro network.
For these simulations, in the area that is overlapped by the Micro network’s Manhattan grid, UEs should only be dropped in the streets. In order to maintain the same Macro UE density per cell as in the area not covered by the Micro network, the following principle should be used:
1.	Macro UEs are first dropped with a uniform distribution over the whole Macro grid area, both in the part not covered by the micro network and in the part that is overlapped by the micro network.
2.	In the area overlapping with the micro network, UEs that were dropped indoor are identified. These UEs are then dropped again, uniformly over the outdoor “half-street” area surrounding the indoor block, as shown in Figure 5.1.4-3.


Figure 5.1.4-1: Manhattan grid micro node network overlaid on a Case 1 (ISD = 500 m) macro network. The  grid is centred on the corner between cell#3/19/20 in the macro network.



Figure 5.1.4-2: Four-fold replication of the Manhattan grid micro node network overlaid on a Case 3 (ISD = 1732 m) macro network. The overlaid grid is centered on corner between cell#3/19/20 of the macro network.



Figure 5.1.4-3: Method of re-distributing UEs from the indoor to the street area.

[bookmark: _Toc452032723]5.2	Co-existence simulation assumption
Editor’s note: intended to capture specific simulation parameters such as frequencies, antenna pattern cell layouts and so on.
5.2.1	Path loss models [5]
The path loss models are summarized in Table 5.2.1-1 and the distance definitions are indicated in Figure 5.2.1-1 and Figure 5.2.1-2. Note that the distribution of the shadow fading is log-normal, and its standard deviation for each scenario is given in Table 5.2.1-1.
    
	

	


	Figure 5.2.1-1: Definition of d2D and d3D 
for outdoor UEs
	Figure 5.2.1-2: Definition of d2D-out, d2D-in 
and d3D-out, d3D-in for indoor UEs. Note that 




Table 5.2.1-1: Path loss models
	Scenario
	Path loss [dB], fc is in GHz and d is in meters (6)
	Shadow 
fading 
std [dB]
	Applicability range, 
antenna height 
default values 

	RMa LOS
	



	




	10 m < d2D < dBP (5)


dBP < d2D < 10 000 m,
hBS = 35 m, hUT = 1.5 m,
W = 20 m, h = 5 m
h = avg. building height
W = avg. street width
The applicability ranges:
5 m < h < 50 m
5 m < W < 50 m 
10 m < hBS < 150 m 
1 m < hUT < 10 m

	RMa NLOS
	



	

	10 m < d2D < 5 000 m,

hBS = 35 m, hUT = 1.5 m,
W = 20 m, h = 5 m
h = avg. building height
W = avg. street width
The applicability ranges:
5 m < h < 50 m
5 m < W < 50 m 
10 m < hBS < 150 m 
1 m < hUT < 10 m

	UMa LOS
	



	σSF=4.0


 σSF=4.0
	10m < d2D < d'BP 1)

d'BP < d2D <5000m
1.5m ≦ hUT≦ 22.5m
hBS = 25 m


	UMa NLOS
	




	σSF =6
	10 m < d2D < 5 000 m
1.5 m ≦ hUT ≦ 22.5 m
hBS = 25 m
Explanations: see note 3

	
	
Optional 
	σSF =7.8
	

	UMi - Street Canyon
LOS
	




	σSF=4.0


 σSF=4.0
	10m < d2D < d'BP 1)
d'BP < d2D <5000m
1.5m ≦ hUT≦ 22.5m
hBS = 10 m

	UMi – Street Canyon NLOS
	



	σSF=7.82
	10 m < d2D < 5000m
1.5m ≦ hUT≦ 22.5m
hBS = 10 m 
Explanations: see note 4

	
	
 Optional 
	σSF=8.2
	

	InH - Office LOS
	

	σSF=3.0
	1<d3D<100m

	InH - Office NLOS
	



	σSF=8.03
	1<d3D<86m

	
	
 Optional 
	σSF=8.29
	1< d3D <86m

	InH - Shopping mall
LOS
	

	σSF=2.0
	1<d3D<150m

	Note 1:	d'BP  = 4 h'BS h'UT fc/c, where fc is the centre frequency in Hz, c = 3.0108 m/s is the propagation velocity in free space, and h'BS and h'UT are the effective antenna heights at the BS and the UT, respectively. In UMi scenario the effective antenna heights h'BS and h'UT are computed as follows: h'BS = hBS – 1.0 m, h'UT = hUT–1.0 m, where hBS and hUT are the actual antenna heights, and the effective environment height is assumed to be equal to 1.0 m. In UMa scenario the effective antenna heights h'BS and h'UT are computed as follows: h'BS = hBS – hE, h'UT = hUT – hE, where hBS and hUT  are the actual antenna heights, and the effective environment height hE is a function of the link between a BS and a UT. In the event that the link is determined to be LOS, hE=1m with a probability equal to 1/(1+C(d2D, hUT)) and chosen from a discrete uniform distribution uniform(12,15,…,(hUT-1.5)) otherwise. 
Note 2:	The applicable frequency range of the PL formula in this table is 0.8 < fc < fH GHz, where fH = 30 GHz for RMa and fH = 100 GHz for all the other scenarios. It is noted that RMa path loss model for >7 GHz is validated based on a single measurement campaign conducted at 24 GHz.
Note 3:	UMa NLOS path loss is from TR36.873 with simplified format and and PLUMa-LOS = Path loss of UMa LOS outdoor scenario.
Note 4:	PLUMi-LOS = Path loss of  UMi-Street Canyon LOS outdoor scenario.
Note 5:	Break point distance dBP  = 2π hBS hUT fc/c, where fc is the centre frequency in Hz, c = 3.0  108 m/s is the propagation velocity in free space, and hBS and hUT are the antenna heights at the BS and the UT, respectively.
Note 6:	fc  denotes the center frequency normalized by 1GHz, all distance related values are normalized by 1m, unless it is stated otherwise.



For UMa outdoor users following terms are defined in 3GPP TR 38.900:



and



5.2.2	Beamforming antenna pattern [7]
The beamforming antenna is based on an antenna array and consists of a number of identical radiating elements located in the yz-plane with a fix separation distance (e.g. /2), all elements having identical radiation patterns and “pointing” (having maximum directivity) along the x-axis. A weighting function is used to direct the beam in other directions. Total antenna gain is the sum (logarithmic scale) of the array gain and the element gain. Such a model is described in 3GPP TR 37.842 as follows.


The Advanced Antenna System (AAS) antenna array model is determined by array element pattern, array factor and signals applied to the system. The element pattern and composite antenna pattern are in the following sections. The  and definition is based on the coordinate system in Section 5.4.4 .1 of 3GPP TR 37.840 and are illustrated in Figure 5.2.2-1.
 (
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Figure 5.2.2-1: Antenna Model Geometry: : elevation, range from 0 to 180 degree
 : Azimuth, range from -180 to 180 degree
The element pattern and the composite antenna pattern are given in Section 5.3.3 of 3GPP TR 37.842 and are provided Table 5.2.2-1.
Table 5.2.2-1: Antenna pattern
(a) Element pattern for antenna array model
	Horizontal Radiation Pattern
	


	Horizontal 3dB bandwidth of single element / deg
	For single column antenna: 65º
For multi-column antenna:  80º

	Front-to-back ratio
	Am = 30dB

	Vertical Pattern  method
	
, SLAv =30 dB

	Vertical 3dB bandwidth of single element / deg
	65º

	Element Pattern
	


	Element Gain without antenna losses
	For single column antenna: GE,max= 9 dBi
For multi-column antenna: GE,max= 7.5 dBi*

	Note: *GE,max is obtained from TR37.840 Table 5.4.4.2.1-1.



(b) Composite antenna pattern for BS and UE beam forming
	Configuration
	Multiple columns (NVxNH elements)

	
Composite Array radiation pattern in dB 
	For beam i:


the super position vector is given by:


the weighting is given by:



	Antenna array configuration (Row×Column)
	10×4

	Horizontal radiating element spacing d/
	0.5

	Vertical radiating element spacing d/
	0.9

	Down-tilt angle (deg)
	0 degrees

	Power allocated to each beam
	6dB below the maximum transmitted power



5.2.3	Power control modelling [3]
In 3GPP TR 36.942, the following power control equation is used for the uplink coexistence simulations:

	(1)
where Pmax is the maximum transmit power, Rmin is the minimum power reduction ratio to prevent UEs with good channels to transmit at very low power level, CL is the coupling loss defined as max{path loss-G_Tx-G_Rx, MCL}, where path loss is propagation loss plus shadow fading, G_TX is the transmitter antenna gain in the direction of the receiver, G_RX is the receiver antenna gain in the direction of the transmitter and CLx-ile is the x-percentile CL value. With this power control equation, the x percent of UEs that have the highest coupling loss will transmit at Pmax. Finally, 0<<=1 is the balancing factor for UEs with bad channel and UEs with good channel.
The parameter sets for power control are specified in 3GPP TR 36.942 (copied in Table 5.2.3-1 below).
Table 5.2.3-1: Power control algorithm parameter (for 2 GHz carrier frequency)
	Parameter set
	Gamma
	CLx-ile

	
	
	20 MHz bandwidth
	15 MHz bandwidth
	10 MHz bandwidth
	5 MHz bandwidth

	Set 1
	1
	109
	110
	112
	115

	Set 2
	0,8
	TBD
	TBD
	129
	133



Note that the power control parameters were specified for urban area with a cell range of 500 m, a carrier frequency of 2 GHz and a base station antenna height of 15 m above average rooftop level. The path loss model is based on the equation below:

	(2)
where:
R is the base station-UE separation in kilometres
f is the carrier frequency in MHz
Dhb is the base station antenna height in metres, measured from the average rooftop level
Based on equations (2), the power control parameters can be modified to account for different path loss model and carrier frequency. For example, in Table 5.2.3-1, CLx-ile = 109 dB for Set 1and 20 MHz bandwidth, which corresponds to R = 0.31 km that is (0.31/0.5 =) 62% of the cell range according to equation (2) assuming total antenna gain of 0 dBi. 
Considering a carrier frequency of 30 GHz and a base station-UE separation of (500*2/3*62% =) 207 m and a base station antenna height of 15 m above average rooftop level, the path loss using the UMa LOS PL1 formula in Table 5.2.3-1 will result in a path loss of 32.4+20log10(sqrt(2072+152))+20log10(30) = 108 dB. Similarly, the modified power control parameters for other cases with carrier frequency of 30 GHz and 70 GHz can be calculated as shown in Table 5.2.3-2 below.
Table 5.2.3-2: Modified power control algorithm parameter
(a) For 30 GHz carrier frequency
	Parameter set
	Gamma
	Modified CLx-ile

	
	
	20 MHz bandwidth
	15 MHz bandwidth
	10 MHz bandwidth
	5 MHz bandwidth

	Set 1a
	1
	108
	109
	110
	111

	Set 2a
	0,8
	TBD
	TBD
	119
	121



(b) For 70 GHz carrier frequency
	Parameter set
	Gamma
	Modified CLx-ile

	
	
	20 MHz bandwidth
	15 MHz bandwidth
	10 MHz bandwidth
	5 MHz bandwidth

	Set 1a
	1
	116
	116
	117
	119

	Set 2a
	0,8
	TBD
	TBD
	126
	128



5.2.4	Other simulation assumptions and parameters [8]
Other simulation assumptions and parameter are summarized in Table 5.2.4-1 below:
Table 5.2.4-1: Simulation assumptions and parameters
(a) Main simulation assumptions
	
	Way forward
	Remarks

	Methodology
	Static MonteCarlo simulation
	

	Usage scenario (eMBB, mMTC, URLLC)
	eMBB
	Start with eMBB as 1st step. We shall consider the other scenarios in SI.

	Deployment scenario
	At least, Indoor hotspot, Urban macro and Dense urban are the scenarios for WP5D co-existence. 
	The other scenarios are FFS.

	Victim system
	NR
	

	PathLoss Model
	Follow RAN1 channel modelling SI outcome
	

	Carrier frequency
	30 and 70 GHz 
	Using 28GHz is not precluded in addition to 30 and 70GHz.

	Channel Bandwidth
	200 MHz
	Even wider channel bandwidth for example 1GHz can be considered later after understanding the baseline in SI

	Channel arrangement
	Symmetrical (200MHz vs 200MHz)
	Start with symmetrical as 1st step

	UL power control
	The same as TR 36.942, adopting PC set parameters to the scenario
	

	DL power control
	No power control
	

	The number of antenna element
	For 30GHz: UE: 16, eNB: 256
For 70GHz: UE: 32, eNB: 256
	Companies are encouraged to provide technical justification on these values. 

	UE antenna
	Use Table 5.2.2-1 (a), element gain and antenna aperture TBD.
	

	BS antenna 
	Use Table 5.2.2-1 (a).

	

	Beamforming
	Use Table 5.2.2-1 (b).

	

	SINR to throughput  mapping
	Adopt scaled Shannon's formula with update truncation and attenuation parameters until we get RAN1, we will use 36.942 Scaled Shannon's formula. 
	

	Co-existence scenario in terms of interference 
	UL to UL and DL to DL
	Not consider UE to DL and DL to UL for the moment. Specifically for UE to UE, this can be discussed after understanding specific mitigation techniques.

	Traffic
	Full buffer
	

	ACI leakage model
	In addition, model in ACLR is two step models in frequency
use the different correlation levels to study the spatial patterns for ACLR. ACLR metric defines integrated over the whole space.
If study should ACLR can be modelled as flat in space, then, we just use integrated ACLR model. 
Assume flat ACS in frequency. In space, study if ACS model is flat.
	

	Performance metric
	Throughput degradation compared to single operator case, i.e. no ACI. Both mean and 5%-tile are considered.
	 

	NF
	For BS: 8 dB
For UE: 13 dB for baseline performance, 10 dB for high performance
	Companies are encourage to provide more analysis data on this aspect in the future meeting.



(b) Other simulation parameters
	 
	BS
	UE

	Lognormal fading
	10 dB

	Shadowing correlation
	Between sites: 0.5, between sectors of the same site: 1.0

	Minimum distance UE<->BS (2D)
	RMa, UMa: 35 m
UMi: 10 m
InH: 0 m

	Number of active UEs
	DL: 1 UE, UL: 4 UEs

	Handover margin
	3 dB

	Cable loss
	1 dB
	0 dB

	Transmit power
	RMa, UMa: 46 dBm
UMi: 38 dBm
InH: 20 dBm
	23 dBm

	Antenna height
	RMa: 45 m
UMa: 25 m
UMi: 10 m
InH: 3 m
	1.5 m



<End of change>
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